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Abstract  
The question is discussed whether a configuration (vr, bk) (i.e. is a finite incidence structure 
of v points and b lines such that each point lies on r lines, each line contains k points and 
two different points are connected at most once) can be drawn in the rational Euclidean plane 
as a system of v points and b lines. In the first part a historical survey is given concerning 
configurations v3 and (124,163) whereas the second part reports on those results obtained uring 
the last years by means of new computational methods. 
1. Introduction 
The problem which will be discussed in this paper is on the one hand a very old one, 
but on the other hand due to the development of new techniques and the embedding 
into a broader context it is very actual. 
Fig. 1 shows the usual picture of the Fano configuration 73 (or projective plane of 
order 2 or Steiner system S(2,3,7)). Sometimes it is drawn with a circle inside the 
triangle instead of the parabola of Fig. 1. In any case it is well known that it is not 
possible to draw a picture using 7 straight lines. 
As defined below a configuration is a finite incidence structure consisting of ele- 
ments called points and of subsets called lines which fulfill certain conditions. These 
conditions are strictly combinatorial. However, considering the historical background it 
is clear that the idea of a configuration was born in geometric terms and was liberated 
from this context afterwards. In this paper this development is surveyed only briefly. 
After that the question of realizability is discussed here from a modern point of view. 
During our century much about the knowledge on configurations was lost. During the 
last ten years, however, the research on configurations was started again and produced 
a lot of previously unknown structures. During the same time the mathematical field 
of computational lgebraic geometry developed a theoretical and computational method 
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Fig. 1. The unique configuration 73. 
Fig. 2. The unique configuration 83. 
to attack the old realization problems in a more general way and with help of modem 
computers. 
In Section 2 some general results on configurations are mentioned. The first realiza- 
tions in the last century are contained in Section 3 and those results of our century 
which were obtained without the help of computers can be found in Section 4. The 
last section contains those results which were obtained recently by means of computer 
algebra. 
In Fig. 2 a picture of the unique configuration 83 is given again using curved lines. 
1.1. The definition 
The history of configurations will be discussed here very briefly. The interested reader 
is referred to [9] for further details and references. The definition of a configuration i
modem terminology is as follows. 
Definition 1.1. A configuration (vr, bk) is a finite incidence structure consisting of a set 
of points and a set of lines (subsets of the point set) such that 
(a) there are v points and b lines, 
(b) there are k points on each line and r lines through each point, 
(c) two different points are connected by at most one line. 
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Remark 1.2. The terms 'point' and 'line' do not imply any geometrical meaning. They 
just mean element and subset in a set theoretic sense. If v = b (and hence r = k) the 
configuration is called symmetric and denoted by (vk) or vk. 
1.2. The incomplete list of Daublebsky on Sterneck and its consequences 
After the definition of configurations by Reye in 1876 the main interest during the 
first years was focussed on configurations v3. Between 1881 and 1887 all configurations 
v3 for 7 ~<v ~< 11 were determined. The results were correct. In 1895 Daublebsky von 
Sterneck [5] tried to construct all configurations 123 and published the result that there 
are exactly 228 of them. However, this list is incomplete and was corrected in 1988 
by Gropp [10] (published in 1991). In fact, there are exactly 229 configurations 123. 
It is strange that the error in this old paper remained undetected for such a long 
time (nearly one century). This is one proof for the lack of interest in configurations 
during our century. This lack of interest kept this error undetected as well as it kept 
it undistributed into the mathematical community, at least nearly. 
However, during the last years there was an increasing interest in the question 
whether certain combinatorial structures can be realized in the plane as a system of 
'real' points and 'real' lines such that the combinatorially defined lines correspond to 
geometric lines in the plane. It happened that Sturmfels and White used the list of 
Daublebsky von Sterneck not knowing about its incompleteness to prove the following 
theorem (cf. [3] or [25]). 
Theorem 1.3. All 113-configurations and all 123-configurations (in the classification 
of Daublebsky) are realizable with rational coordinates. 
It should be mentioned that Sturmfels and White were not convinced that the old 
classification was correct. In [4] they remarked the following. 
[4, p. 93] The question remains whether Daublebsky's lists are complete. It should be 
possible to generate all such configurations and check for isomorphism by computer. 
... We would be very interested to learn if anyone has a program already working 
which could perform this check. 
As mentioned earlier lists of these configurations had been constructed in the mean 
time. Of course, the configuration No. 229 which is not contained in the list of 
Daublebsky von Sterneck was not checked by Sturmfels and White. Later a draw- 
ing of this configuration was printed by Dorwart and Griinbaum [7] and is shown in 
Fig. 3. 
Thus my reasons to write this paper were 
(i) to describe the old and not very known results about realization problems, 
(ii) to stimulate further modern research in this field, 
(iii) and, of course, to improve the knowledge on configurations in general by giving 
a short survey and references. 
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Fig. 3. The configuration 123 No. 229. 
2. Existence and enumeration results 
This section gives a survey on the current state of knowledge about the existence 
and enumeration of configurations (Vr, bk). For further details and references see [12]. 
Concerning the existence of a configuration (vr, bk) it turns out that the following 
conditions are necessary: 
(a) v<~b and k<~r (by convention), 
(b) vr = bk, and v>~r(k- 1)+ 1. 
These conditions are sufficient for k = 3. For k = 4 no example is known where the 
above conditions are not sufficient. There is no configuration 225 although the necessary 
conditions are fulfilled. This is the smallest example where the above conditions are 
not sufficient. The smallest symmetric onfigurations whose existence is in doubt are 
the configurations 336 and 346. 
Apart from projective and affine planes only the following exact numbers of config- 
urations are known: 
There are unique configurations 73 and 83, 3 configurations 93, 10 configurations 
103, 31 configurations 113,229 configurations 123, 2036 configurations 133, and 21 399 
configurations 143. 
There are 2 configurations (136,263) and 80 configurations (157,353) as well as 5 
configurations (125,203), 787 configurations (146,283), and 574 configurations 
(124,163). 
3. Realization in the 19 th century 
3.1. Configurations and the question of realization 
As already mentioned, configurations were regarded as being realized in the real 
Euclidean plane during the first few years after 1876. However, already Martinetti [19] 
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Fig. 4. The nonrealizable configuration 103. 
and Daublebsky von Stemeck [5] saw them in the abstract modem sense of a com- 
binatorial structure. This was no chronologically monotone development. For example, 
even Hilbert (more than 50 years later) had again the old geometric point of view. 
This more philosophical question whether to accept a 'merely combinatorial' structure 
as configuration or to speak of the 'scheme of a configuration' which can perhaps not 
be realized will not be the contents of this section. It will contain only the mathematical 
results. 
There is, however, one big problem. What is accepted as a realization proof? Cer- 
tainly this is a question of drawing exactly enough. In earlier times a drawing was 
accepted. On the other hand, there are also drawings of unrealizable configurations 
in which the 'nonstraightness' of lines cannot easily be detected (see Figs. 4 and 8). 
Therefore an algebraic proof is preferable which gives the coordinates of the points 
of the configuration such that the requested collinearity conditions can be checked 
algebraically. 
3.2. The configurations 103 and 113 
Kantor [16] proved in 1881 that there are exactly 10 configurations 103. In an 
appendix he printed drawings of all these 10 configurations without explaining how 
he obtained them. In fact, one of these pictures (Fig. 4) contains a line which is not 
straight but consists of 2 line segments of slightly different directions. The reader is 
invited to find this line by himself or herself. Since there is no comment in the paper 
of Kantor it will probably never be possible to decide whether Kantor himself thought 
that he had produced correct drawings or not. 
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Fig. 5. The Desargues configuration 103. 
In 1889 Schroeter [21] attacked the problem of configurations 103 again. 
[21, p. 193/194] Fiir n = 10 hat Herr S. Kantor ... zuerst die sfirnmtlichen wesentlich 
von einander verschiedenen zehn Gestalten der Kfg. 103 aufgestellt ...... 
Das Studium ... des Herrn S. Kantor fiihrte mich dazu, die verschiedenen 
geometrischen Konstructionen, aus welchen derselbe zu dem vollst~ndigen Systeme 
der zehn Kfg. 103 gelangt, riicksichtlich ihrer wirklichen Ausfiihrbarkeit zu priifen 
mad (die kombinatorische Bildungsweise der Kfg. vorausgesetzt) ihre geometrische 
Konstruction aufzusuchen; dabei zeigte sich die eigenthiirnliche mad unerwartete 
Erscheinmag, dab nur nema Kfg. 103 geometrisch konstruirbar sind, dagegen die 
zelmte (bei Kantor C) obwohl kombinatorisch zul[issig, doch geometrisch unaus- 
fiihrbar ist. 
Schroeter [21] determined the realizability of these configurations and proved that 
exactly one of them cannot be drawn in the real or rational plane. He called this result 
unexpected. It is quite interesting to read the words which Schroeter used to distinguish 
between a configuration and a realized one. 
Another configuration 103 is the famous Desargues configuration (Fig. 5) which can 
be drawn especially easily (theorem of Desargues). Although these two configurations 
are not similar concerning this realizability property they both have the same graph as 
configuration graph, the Petersen graph (see [6]). 
In 1887 Martinetti [19] defined a recursive construction method for configurations 
v3 and used it to construct all 31 configurations 113. This recursive method was 
an important progress in the construction problem of configurations v3. However, 
it does not consider at all the realization properties of the involved configurations. 
Thus the abstraction from the geometrical background made it possible to go 
forward. 
A few years later Daublebsky von Sterneck used these 31 constructed configurations 
and could draw them all (on 2 pages of the appendix of [5]). Whether these drawings 
are correct has perhaps never been checked. A correct algebraic proof was given nearly 
a century later in [25]. 
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3.3. Bigger configurations v3 
As already mentioned in 1895 Daublebsky von Stemeck determined the number of 
configurations 123 as 228 which was proved to be wrong [10] nearly 100 years later. 
It is not known whether he tried to draw all these 228 configurations. At least there 
seems to be no published list of all drawn configurations. Certainly, the so far given 
historical report is not complete. There are some trials of drawn configurations here 
and then in certain special cases. I hope, however, to have included the most important 
systematical results. 
A general result which is closely related to the context of this paper is the main 
result of the dissertation of Steinitz in 1894 [22]. He proved that each configuration 
v3 can be drawn in the plane with 'linear' lines and at most one 'quadratic' line. So 
it is always possible to avoid drawings with more than one line which is not straight. 
Fig. 1 shows the Fang configuration with one curved line. In the sense of Steinitz the 
drawing of the configuration 83 in Fig. 7 with only one curved line is better than the 
one in Fig. 2 which contains even 4 curved lines. 
4. Realization of configurations (124, 163) 
4.1. Early singular constructions 
The only nonsymmetric configurations which have been investigated more carefully 
apart from Steiner systems are configurations (124, 163) concerning both combinatorial 
and geometrical constructions. For further details see [11]. 
Five configurations were constructed by O. Hesse (1848), J. de Vries (1889), 
B. Byd~ovsk~ (1939), J. Metelka (1944), and M. Zacharias (1948). While Hesse con- 
sidered this structure as a substructure of an algebraic and geometric structure (Ober 
Curven dritter Ordnung und die Kegelschnitte, welche diese Curven in drei verschiede- 
nen Puncten beriihren) the other four configurations have been dealt with independent 
from a geometric ontext. 
Independently and until recently nearly unknown Barrau [2] constructed six non- 
isomorphic onfigurations already in 1907. 
4.2. A lot of constructions in Czechoslovakia 
After this first period of the construction of a few singular configurations (124,163) 
there was a more systematic search for such configurations with certain properties which 
yielded about 200 further configurations constructed by B. Byd~ovsk~, J. Metelka, 
V. Metelka, and J. Novak. Unfortunately, these results did not become well known 
since they were published only in Czechoslovak journals. 
The configurations were not only constructed combinatorially but it was also decided 
whether they could be drawn in the plane or not. For example, in 1975 Metelka [20] 
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determined all those configurations (124, 163) which contain certain types of points 
and do not contain certain other types (for details see [11]). There are altogether 
10 possible point types corresponding to possible refined residue structures. In 
the case of Metelka's paper there are exactly 104 configurations of a certain type, 
called N1,N2 . . . . .  N15 and R1,R2 . . . . .  R89. It is proved by algebraic methods 
that exactly 90 of them are realizable, all the 89 R-configurations and 
configuration N11. 
4.3. The determination of all configurations (124, 163) 
In 1990 it was proved that there are exactly 574 configurations (124, 163) (cf. [11]). 
Thus it will be possible to complete the work which was started in Czechoslovakia. 
Now there are new methods available to attack this old problem in a more convenient 
and efficient way. 
5. Realization results with symbolic computation 
5.1. Configuration and matroids 
Already about 60 years ago the concept of a matroid was introduced as a generaliza- 
tion of the concept of linear dependence in linear algebra. In the context of realization 
of matroids the realization problem of configurations became interesting again from 
a theoretical point of view. 
The following definition of a matroid is due to Whitney [26]. In the mean time lots 
of equivalent definitions have been given. 
Definition 5.1. Let M ---- {eb...,en}. To each subset N of M a nonnegative integer 
r(N) (rank of N) is assigned. 
M is called a matroid if for the ranks of its subsets the following conditions hold. 
(R1) r(O) = O, 
(R2) e ¢ N =:~ r(N U {e}) E {r(N),r(N) q- 1}, 
(R3) el,e2 ¢ N =:~ (r(gU{el } ) = r(NU{e2 } ) = r (g )  =~ r(NU{el }U{e2 }) = r(N) ). 
Remark 5.2. Let n(N) := IN[ - r(N). If n(N) = 0 the set N is called independent, 
otherwise it is called dependent. 
A subset B is called a base if it is maximal independent, i.e. n(B) = 0 and if N 
properly contains B then n(N)> O. 
An important theorem proved already by Whitney is the following. 
Theorem 5.3. N is independent if and only if there is a base B which contains N. 
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It is quite convenient to describe a matroid by its set of bases. In his first paper 
on matroids Whitney discussed the problem whether a given matroid can be realized 
by a matrix. As an example he used a structure which is equivalent to the Fano 
configuration. 
[26, p. 529] The matroid M' has seven elements, which we name 1,...,7. The bases 
consist of all sets of three elements except 
(16.1) 124, 135, 167,236,257,347,456. 
Each set of k elements is of rank k if k~<2 and of rank 3 if k~<4; a set of three 
elements is of rank 2 if the set is in (16.1) and is of rank 3 otherwise. 
Whitney analyzed the problem of realizing the matroid by a matrix and obtained as 
a contradiction 2a --- 0, a # 0 for real numbers. At the end of the paper, however, he 
constructed a corresponding matrix of integers mod 2 where the relation 2a = 0 is true. 
So the Fano configuration 73 is realizable over GF(2). 
One year after Whitney a paper of MacLane [18] continued these investigations. In
his introduction MacLane described the problem as follows. 
[18, p. 236] The abstract heory of linear dependence, in the form recently devel- 
oped by Whitney, is closely related to the study of projective configurations. For any 
matroid (...) can be interpreted as a schematic geometric figure. Such a schematic 
figure, like a schematic onfiguration, is composed of a number of points, lines, 
planes, etc., with certain combinatorially defined incidences. The problem of rep- 
resenting a matroid by a matrix then becomes simply the problem of realizing 
a schematic figure by some geometric figure - -  and the impossibility of always 
finding such a representation turns out to be a simple consequence of Pascal's the- 
orem! Even when such representation is possible, it depends essentially upon the 
field from which the elements of the representing matrix are taken. 
MacLane described the problem of representing a matroid by a matrix and its 
dependence on the underlying field. In fact, the realization problem of this paper is 
more an algebraic than a geometric one. 
In the following MacLane defined 'schematic geometric figures' which are equivalent 
to linear spaces in modern terminology (cf. [13]). Thus he extends the realization 
problem to a much larger class of combinatorial structures. The author hopes to have 
shown in [13] that configurations are linear spaces and belong to the most interesting 
ones. 
[18, p. 237] Schematic 9eometric fioures. A rectilinear plane figure consists of 
a number of points and of all lines joining these points in pairs. The combinatorial 
structure of such a figure can be specified by giving for each line L the set of all 
those points of the figure which lie on L. These sets satisfy the following axioms: 
FI: Any pair of points belongs to one and only one line. 
F2: Every line contains at least two points. 
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F3: No line contains all the points. 
F4: There are at least two points. 
In his next paragraph MacLane even mentioned configurations and referred to the 
book of Levi [17]. Then he explained the relation between configurations and 'schematic 
figures'. Unfortunately, I did not know about this citation in [18] earlier. Otherwise I 
would have cited MacLane in [13] and perhaps this might have supported the role of 
configurations within the theory of linear spaces. 
[18, p. 238] ... matroids form a direct generalization of schematic onfigurations. 
A schematic plane configuration (footnote F.Levi, Geometrische Konfigurationen) 
Prgn consists of p 'points' and g 'lines', with each point on ~ lines and each line 
on r~ points. Such a configuration becomes a schematic figure in the above sense if 
those pairs of points not already joined by lines are joined by new 'diagonal' ines. 
[18, p. 239] ...Another important special case of the matrix representation f matroids 
is the problem of constructing a geometric realization for schematic plane 
configurations. 
...Thus for a matroid M of rank 3 we need only find three homogeneous corrdinates 
for each element (point) of the matroid, such that when three points lie on a line 
(i.e. are contained in a circuit complement of the dual matroid), then the determinant 
of the corresponding corrdinates i zero, and conversely. 
This last sentence in the text cited from [18] can be regarded as the definition of 
a 'modem' realization of a configuration. 
During the last ten years the realization problem has been attacked by new computer- 
aided methods in algebraic geometry related to the following definition (for further 
details see [3,23,25]). 
Definition 5.4. A coordinatization r realization of a configuration with point set P 
and line set L over a field K is a mapping from P to K 3 such that for all distinct 
i , j ,k E P det(xi,xj,xk) = 0 if and only if i , j ,k are collinear (i.e. there is a line in L 
which contains these three points). 
Hence a realization of a configuration with v points in the field K can be described 
by a 3 × v matrix with entries in K. 
5.2. Configurations v3 again in modern times 
Now the realization problem of configurations has certainly become purely algebraic. 
The reader is reminded of the problem with geometrical realization proofs by just 
drawing a configuration. By the way, given the three coordinates of the corresponding 
matrix, a drawing is then obtained by applying a suitable projection into the plane. 
During the last years the following results have been obtained for configurations 
n3 (of. [3]). The unique configuration 73, the Fang configuration, is realizable over 
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Fig. 6. The nonrealizable configuration 103. 
Fig. 7. The nonrealizable configuration 8 3.
GF(2), the Galois field of order 2, but not over the real or rational numbers. The 
unique configuration 83 is realizable over the complex numbers, but not over the real 
or rational numbers. Fig. 7 shows a picture of this configuration 83 with only one 
curved line. It is similar to a picture in [1, p. 335] and is optimal in the sense of the 
result of Steinitz [22]. 
All the 3 configurations 93 are realizable over the rational numbers (see [8]). One of 
them is the famous Pascal-Pappus configuration 93. Concerning the 10 configurations 
103 the already known results were proved again in [3]. Nine of them are realiz- 
able over the rational numbers and the tenth is not realizable over any (commutative) 
field. 
In Fig. 6 the wrong drawing of Fig. 4 is replaced by a 'correct' drawing with only 
one curved line (again compare the result of Steinitz [22]). It was taken from [6], 
maybe it appeared there for the first time. 
In [25] all the configurations 113 and 123 except one (compare Section 1.2) were 
checked and proved to be realizable over the rational numbers. In the meantime this was 
also proved for the configuration 123 No. 229 (personal communication). A drawing 
can be found in [7]. It is reproduced in Fig. 3. 
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5.3. Some examples 
How a 3 x v matrix is obtained for a given configuration is described, e.g. in [24]. 
Take the configuration 113 with the 11 lines 
1,2,4 2,3,5 3,4,6 4,5,7 5,6,8 6,7,9 7,8,10 8,9,11 1,9,10 
2,10,11 1,3,11. 
The following 3 × 11 matrix 
1 1 0 0 1 0 17 1 1 37 4 ] 
J 0 0 1 0 1 -17 17 51 2 18 -9  0 1 0 1 1 100 185 285 5 45 0 
has the desired property. A 3 x 3 subdeterrninant with rows i , j , k  is 0 if and only if 
i , j , k  is one of the 11 lines above. 
By the way, all coordinates of all the drawings (i.e. the corresponding matrices) of 
the configurations 113 and 123 have been published in an appendix of [4]. Since this 
paper may be not so easily available one realization of a configuration 123 is given 
below as an example. It is the configuration No. 42 in [4]: 
1,2,5 1,3,6 1,4,7 2,3,4 2,10,11 3,9,12 
4,9,10 5,6,11 5,8,9 6,8,12 7,8,10 7,11,12 
In this case the coordinates are quite big. It might be an interesting question to look 
for solutions with relatively small numbers. 
i 0 0 0 383491 35 1 -66305 1 100949 200585663 504745 ] 
1 0 1 403 796 0 1 100 949 5 268 203 717 444 543 2 523 725 J . 
0 1 1 0 -68 1 302 847 7 470101 934 090 687 33 699 999 
The realization of the Pascal-Pappus configuration 93 can be discussed together with 
a proof of the theorem of Pappus. It will show at least a bit of the flavor of these 
calculations. 
Theorem 5.5 (Pappus). Given a set o f  6 points: A = { 1,2, 3, 4, 5, 6}. Let  { 1,2, 7}, 
{3,4,7},{5,6,7},{1,6,8},{2,3,8},{4,5,8},{1,4,9},{3,6,9} be lines in a configura- 
tion which is realized over a commutative field. Then 2, 5, and 9 are collinear. 
Proof. Set 1 =(1,0,0) ,  3 =(0,1,0) ,  4=(0 ,0 ,1 ) ,  6=(1 ,1 ,1 ) .  
Since det(1,4,9) = det(3,6,9) = 0 it follows that 9 = (1,0,1). det(1,6,8) = 0 
implies 8 = (a, 1, 1) and det(3,4,7) = 0 implies 7 = (0, 1,c). Now let 2 = (d ,e , f )  and 
5 = (g, h, i). The four conditions det( 1, 2, 7) = det(5, 6, 7) = det(2, 3, 8) = det(4, 5, 8) = 0 
yield 
f = ce, d = ace, g = ha, i = ha(1 - c) + hc. 
Thus det(2, 5,9) = ei - h f + dh - eg = e(ha(1 - c) + hc) - hce + aceh - eha = 0 
in a commutative field. [] 
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Fig. 8. A nonrealizable configuration 163. 
In order to realize the corresponding configuration 93 containing the 9 lines { 1,2, 7}, 
{3,4,7},{5,6,7},{1,6,8},{2,3,8},{4,5,8},{1,4,9},{3,6,9}, and {2,5,9} it is only 
necessary to substitute suitable values for the remaining variables, e.g. a = 3,c = 
4,e = -2 ,h  = -3  and hence d = -24 , f  = -8 ,g  = -9 , i  = 15. Then the following 
matrix has the desired subdeterminants: 
1 -24  0 0 -9  1 0 3 1] 
J 0 -2  1 0 -3  1 1 1 0 0 -8  0 1 15 1 4 1 1 
5.4. Further nonrealizability results 
It is known that there is at least one configuration v3 for each v>~16 that is not 
realizable over the real numbers (see [14]). The construction is quite easy. Take the 
Pascal-Pappus configuration 93 and a configuration (v -  9)3 and 'combine' them as 
follows. Exchange one incident point-line-pair of the ninth line of the Pascal-Pappus 
configuration with one of the configuration (v -  9)3 which exists for all v>~16. By 
the theorem of Pappus, however, this incidence is forced by the remaining 8 lines 
of the configuration 93 and yields a contradiction to the realizability of the changed 
configuration. Fig. 8 shows another 'wrong' picture, reproduced from [7]. This is really 
a masterpiece of a wrong picture. All the lines look (nearly) straight and the point and 
the line whose incidence is forced by the theorem of Pappus are 'far' away from each 
other. 
So there remains the problem of whether all configurations 133, 143, and 153 are 
realizable over the rational or the real numbers. These recent investigations were sug- 
gested by Griinbaum who together with Dorwart [15] succeeded in realizing a famous 
configuration 214 (already discussed by F. Klein in 1879) over the real numbers. It is 
constructed out of a regular heptagon which, of course, has irrational coordinates. It
can be proved that it is not possible to realize it over the rational numbers [15]. So 
far, this is the only known configuration 134 which is realizable over the real numbers. 
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6. Conclusion and open problems 
In graph theory the problem of graph drawing is discussed in many papers especially 
in computer science. From the point of view of this paper the problem is trivial for 
graphs. In a graph an edge only joins two points. In graph drawing 'nice' realizations 
are required, e.g. those which show certain symmetries of the graph. 
In this sense most of the drawings which are produced by methods discussed in this 
paper are not nice. Sometimes even a drawing with curved lines is nicer and a better 
description of the combinatorial structure than a realization in the sense of this paper. 
Apart from these generalizations a lot of further open problems will be mentioned 
below. 
Problem 6.1. Try to realize all the configurations 133 and 143 or find nonrealizable 
ones among them. Do the same for configurations 153; however, they are not (yet) 
classified. 
Problem 6.2. Decide the realizability of the remaining configurations (124, 163). 
Problem 6.3. Discuss the realizability of linear spaces and especially of (r, 1)-designs 
(cf. [13,18]). Which hypergraphs are realizable? 
Problem 6.4. Find approximative drawings (like Figs. 4 and 8) of nonrealizable con- 
figurations, e.g. of the Fano configuration 73. 
Problem 6.5. Find 'best possible' realizations (in the sense of Steinitz) for configura- 
tions n4, i.e. with the smallest number of curved lines. What is the best drawing of 
the configuration 134 ? Is there a result for configurations with k~>4 like the result of 
Steinitz (cf. [22])? (This question was asked by Flachsmeyer in Greifswald.) 
Problem 6.6. Find 'nice' drawings of all the structures above. 
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